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中文摘要 
背景：钙化性主动脉瓣病（calcific aortic valve disease,CAVD）在发达国家
已经成为第三大常见心血管疾病，目前无特效的药物治疗，外科手术和介入置换
是最有效的治疗方式。糖基化终末产物（advanced glycationend products,AGEs）
是非酶糖基化反应(Mailland 反应)的终末产物, 西方国家高脂饮食的生活方式
可以导致体内产生大量糖基化终末产物。AGEs 可以引起很多种病理过程，其中
就包括动脉粥样硬化。有报道称动脉粥样硬化和 CAVD 具有相似的病理过程和危
险因素。内皮间质转化（Endothelial to Mesenchymal Transition,EndMT）是
指内皮细胞转化为间质细胞或平滑肌样细胞的过程，有实验发现在粥样斑块中存
在内皮间质转化。但是目前并不清楚 AGEs 是否会通过 EndMT 引起 CAVD。因此本
实验通过建立 CAVD 动物模型，探讨 AGEs、EndMT 和 CAVD 三者之间的关系，为完
善 CAVD 的致病机制和治疗靶点提供新的思路。 
方法：使用 6-7 周龄的雄性 apoE-/-小鼠，按饲养周期长短随机分为 0 月、2 月、
4 月和 6 月四组，除 0 月组其余三组又分为普食组（ND）、高脂饮食组+腹腔注射
生理盐水组（HD+NS）和高脂饮食+腹腔注射氨基胍组（HD+AG）。本实验的分组共
计 10 组。每周记录各组小鼠的体重变化，每组的饲养周期完成后，进行小鼠心
脏超声检查，然后采血、摘取主动脉瓣膜，进行血脂血糖检测、组织蛋白分析。
使用的实验技术有蛋白质印迹，钙盐染色和免疫荧光染色等。 
结果：（1）在各个时间点中，高脂饮食的小鼠体重增幅明显大于普食组，注射氨
基胍对体重变化无影响。（2）HD+NS 组小鼠的跨主动脉瓣膜流速明显快于 ND 组，
各时间点下注射氨基胍的小鼠流速均慢于 HD+NS 组。（3）随着时间的延长，各组
小鼠的瓣膜组织钙盐沉积逐渐增多，钙化沉积最先出现在瓣膜的主动脉侧，然后
向瓣膜内部蔓延，但是各时间点 HD+AG 组的钙化程度均轻于 HD+NS 组。（4）瓣膜
中 CML 的累积方式与钙盐沉积结果类似，最先出现在瓣膜边缘，逐渐向瓣膜内部
沉积。（5）饮食方式和注射氨基胍与否对小鼠的血糖没有影响，各组之间没有统
计学差异。各时间点中 HD+NS 组的 CHO、LDL、TG 和 HDL 值与普食组相比明显改
变，变化有统计学差异；6 月时，HD+AG 组的 CHO（p < 0.001）和 LDL（p <0.01）
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较 HD+NS 组有显著下降。（6）与内皮间质转化相关的蛋白 VE-cadherin 和α-SMA
的蛋白印迹和免疫荧光结果趋势基本一致，VE-cadherin 的表达水平随着时间延
长逐渐减少；而高脂组较普食组的α-SMA 表达水平均明显升高。HD+NS 组中，α
-SMA 在 2 月时的表达水平较 ND 组增加 4.4 倍（p<0.001）,并在 4 月时达到峰值，
2、4 月时注射氨基胍延缓了α-SMA 表达水平的升高。（7）各组 RAGE 的蛋白表达
水平随着时间延长均升高，但高脂组升高最多，而 HD+AG 组的 RAGE 表达水平均
低于 HD+NS 组。（8）HD+NS 组的 TGF-β1 蛋白表达水平在 2 月时较 ND 组升高 1.18
倍（p<0.001）,然后在 4、6 月逐渐下降。（9）高脂饮食组中与钙化有关的 ALP
表达水平均较普食组高，2 月时 HD+NS 组较 ND 组 ALP 升高了 3 倍（p<0.001）,
注射氨基胍减少了 ALP 的升高，ALP 和α-SMA 的荧光结果出现共定位，都是最先
出现瓣膜边缘，然后逐渐向内部延伸。 
结论：高脂饮食引起小鼠瓣膜组织内 AGEs 含量升高，通过 AGEs-RAGE-TGFβ1
信号通路诱导主动脉瓣膜在早期阶段发生 EndMT，逐渐使瓣膜发生钙化最终引起
CAVD。 
 
关键词：糖基化终末产物；钙化性主动脉瓣膜病；内皮间质转化 
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Abstract 
Background Calcific aortic valvar disease (CAVD) has been the third most common 
cardiovascular disease in the developed countries, causing significant morbidity and 
mortality. Currently, there is no effective drug therapy, but surgical and interventional 
treatments are the only effective therapeutic methods. It has already been reported that 
CAVD and atherosclerosis share similar pathological processes with common risk 
factor. It is well-known that high-fat diet can lead to the production of a large number 
of advanced glycation end-products (AGEs), which are responsible for pathological 
processes of many diseases, such as atherosclerosis. In addition, the process of 
endothelial-to-mesenchymal transition (EndMT) was found in the calcified plaque of 
atherosclerosis. However, it is not clear that whether the AGEs can lead to CAVD via 
the process of EndMT. Thus, the aim of this study is to explore the relationship 
between AGEs and CAVD through an animal model in order to provide novel insights 
into the pathogenesis and treatment of CAVD. 
Methods The animal model of CAVD was established by using male ApoE -/- mice. 
According to the feeding time, mice were randomly assigned into 4 groups: 0-month 
group, 2-months group, 4-months group and 6-months group. In addition, the 2-,4- 
and 6- months groups were further divided respectively into 3 subgroups: Normal diet 
(ND) group, high-fat diet plus normal saline (HD+NS) injected group and high-fat 
diet plus aminoguanidine (HD+AG) injected group. Ten groups totally were involved 
in this experiment. The weight gain of each mouse was recorded on a weekly basis. At 
0 mouth and after ending point of 2, 4, 6 mouths, mouse-echocardiographic 
assessments of the aortic valve were finished. Then plasma level of glucose and lipid 
and the proteins expression of aortic valve were determined, involved techniques such 
as western blotting, Von Kossa staining and immunofluorescent staining etc. 
Results At every ending point of feeding, weight gain of mice fed with high-fat diet 
were significantly higher than that in the normal diet; however, the injection of 
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aminoguanidine had no effect on body weight. The transvalvular aortic velocity of 
HD+NS groups were obviously faster than ND groups and injected aminoguanidine 
decreased the velocity as compared with HD+NS groups. Calcium deposition in aortic 
valve of all subgroups were showed time-dependent increase which firstly occurred at 
the aortic side of valve leaflet then invaded into the inside of the valve, the degree of 
calcium deposition , however, in HD+AG groups was less than in HD+NS groups. 
Diet patterns and aminoguanidine injection had no significant influence on plasma 
level of glucose. In contrast, the plasma levels of CHO, LDL, TG and HDL in the 
HD+NS groups were obviously changed as compared to those in the ND group. The 
plasma levels of CHO (P<0.001) and LDL (P<0.01) in the HD+AG group at 6 mouths 
were significantly decreased as compared to those in the HD+NS group. There was a 
parallel trend between the results of western blotting and immune-fluorescent staining 
as far as the expression levels EndMT-related proteins, such as VE-cadherin and 
α-SMA, were concerned . The expression level of VE-cadherin decreased gradually in 
a time-dependent manner. On the other hand, the expression level of α-SMA in the 
high-fat diet groups was significantly higher than that in the normal diet groups. 
Interestingly, protein expression level of α-SMA in the HD+NS group increased by 
4.4 folds(P<0.001) than ND group at 2 mouths, and reached its peak level at 4 mouths. 
In addition, injection of aminoguanidine delayed the increase of expression α-SMA. 
Moreover, all subgroups showed augmented protein expression of RAGE in 
time-dependent manner. However, it was noted that the expression level was more in 
the high-fat diet group. Furthermore, the expression of TGF-β1 protein in the HD + 
NS group was 1.18 folds (P<0.001) more than that in the ND group at 2 months, and 
then gradually decreased from 4 to 6 months. The expression level of ALP, which is 
closely related to calcification, in the high-fat diet groups was higher than that in the 
normal diet groups, and it was 3 folds (P<0.001) more in the HD+NS group than in 
the ND group at 2 months. Interestingly, we found that aminoguanidine injection 
reduced the increase of ALP expression observed previously. Finally, the fluorescence 
results of ALP and α-SMA expression appeared to be co-localized, which occurred 
initially at the edge of the valve and then extended into the inside of the valve. 
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Conclusion The high-fat diet could raise the AGEs level in mouse aortic valve tissue. 
This high level of AGEs induced aortic valvar endothelial cells to undergo EndMT at 
the early stage via the AGEs-RAGE-TGFβ1 signal pathway, which ultimately 
contributed to aortic valvar calcification. In summary, AGEs-induced EndMT of 
valvar endothelial cells plays an important role in the initial process of CAVD. 
Key words: AGEs; CAVD; EndMT. 
 
厦
门
大
学
博
硕
士
论
文
摘
要
库
前言 
6 
前言 
 
钙化性主动脉瓣膜病流行病学情况 
钙化性主动脉瓣膜病(Calcific Aortic Valve Disease, CAVD)的特点是瓣
叶的纤维-钙化性重构，是钙化性主动脉狭窄（Calcific aortic stenosis，CAS)
最为常见的形式[1]。在 CAVD 的早期阶段，Aortic sclerosis 即主动脉瓣瓣膜硬
化,其特点为瓣膜变硬、轻度钙化，但不会阻塞血流。据报道，三分之一的老人
有钙化性主动脉瓣硬化（CAVS）的超声学和放射学证据[2]。随着年龄增加，瓣膜
硬化进展至严重的瓣膜钙化伴随不可修复的瓣叶活动损伤致严重的血流阻塞，即
CAS 阶段。在发达国家，CAS 是第三大常见的心血管疾病，仅次于冠心病和高血
压，发生率占总人口的 0.4%、65 岁以上人口中占 1.7%；在北美，每年有 85000
人因此病接受主动脉瓣瓣膜置换，15000 人因罹患此病去世[3]。考虑到其发病与
年龄相关，CAVD 的流行率预计会随着全球平均寿命的延长而持续增加[4]。近年来，
CAVD 的管理已经发生巨大变化，多普勒超声已经取代心脏导管作为首选诊断方
式，介入式瓣膜治疗成为外科治疗外的又一个选择[1]。但是到目前为止，并没有
药物可以有效的缓解瓣膜钙化的进展、逆转病变瓣叶的功能和改善患者的结局，
有创性的外科手术和导管主动脉瓣瓣膜置换术仍然是最为有效的治疗方式[1, 5, 6]。
然而，患者不得不忍受因瓣膜功能日益减退导致生活质量的降低，直到瓣膜功能
下降至符合手术[4]和介入治疗的指征才能进行被动的干预。 
主动脉瓣膜解剖 
通常主动脉瓣由三块半圆形的瓣叶组成，根据与冠脉的关系分别被命名为左
冠瓣、右冠瓣和无冠瓣。每一个瓣叶均有三层结构决定其生物力学功能[7]。瓣叶
两侧分别由纤维膜和室肌构成，各自面对着主动脉和左室流出道。瓣叶中间的结
构是松质，富含 I 和 III 型胶原纤维[8]。瓣叶的细胞组成包括瓣膜间质细胞
（VICs）、平滑肌细胞（SMCs；总量<5%）和瓣膜内皮细胞（VECs）。VICs 在瓣叶
中占主导地位，而 SMCs 位于室肌侧[9]。 
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